Introduction
The process of swallowing consists of sequences of important physiological events that move food from the mouth to the stomach via the esophagus. Successful swallows help our bodies receive the nutrition and hydration necessary to sustain a healthy life. Not only is swallowing essential to survive, it is an important aspect of mealtime, a social event that can include family and friends, because it allows people to spend time together promoting unity and conversation. When an error occurs in the swallowing process, serious medical implications can arise (Hixon et al., 2008 ). An inability to successfully move food or drink from the mouth to the stomach, or an inability to swallow safely is defined as dysphagia. Pneumonia, malnutrition, dehydration, and even death are all consequences of dysphagia, with the first three leading to the latter (Hixon et al., 2008) .
A successful, normal swallow is a combination of voluntary acts along with a series of reflexes. Once begun, the process operates automatically. Part of this process correlates with cessation of respiration, as the airway closes completely during the pharyngeal phase of swallowing (Dodds 1989) . Vigorous coordination between swallowing and breathing is needed to ensure that food or liquid is not aspirated into the lungs. Aspiration is defined as "the invasion of substances below the vocal folds" (Hixon et al., 2008) . Pneumonia, infection, and death can result when an unwanted substance (food or liquid) enters the lungs.
Roughly 10 million Americans are evaluated each year with swallowing difficulties (Domench et al., 1999) . Dysphagia prevalence increases with age and poses particular problems in the older individuals. Approximately 7%-10% of adults older than 50 years have dysphagia, although this number may be affectedly low because many patients with this problem do not seek medical care (Spieker, 2000) .
But dysphagia also affects younger populations. In children, gastroesophageal reflux is fairly common and because it affects the oral cavity, can lead to a swallowing disorder. In newborn infants, aspiration can be a problem especially in those born prematurely with the inability to coordinate their suck, swallow, and breathing pattern (Sheikh et. al., 2001) . Other factors that cause dysphagia that are not limited to a certain population include stroke, traumatic brain injury, Huntington's disease, multiple sclerosis, Parkinson's disease, amyotrophic lateral sclerosis, and cerebral palsy.
Oropharyngeal swallowing is divided into two phases: the oral transport phase and the pharyngeal transport phase (Logemann, 1998) . These are used to describe the movement of the bolus through the mouth.
The phase most related to the investigation in this thesis is the pharyngeal phase. It is considered to be completely involuntary, and once triggered, it continues as a fixed set of actions (Dodds, 1989) . During the pharyngeal phase, several events occur quickly and almost simultaneously to move the bolus swiftly through the pharynx and into the esophagus while at the same time protecting the airway-this protection is crucial to avoid aspiration. The hyoid bone and larynx move up and forward as a result of contraction of extrinsic tongue muscles that are attached to the hyoid bone (Hixon et al., 2008) . As the hyoid bone moves, the larynx is pulled along with it due to its muscular connections. This is known as hyolaryngeal excursion.
Closure of the larynx is needed to form a seal to the entrance of the trachea in order to protect the respiratory airways. This closure is achieved through hyolaryngeal excursion. Another purpose of hyoid movement is the opening of the esophagus. This event allows the bolus to pass through the upper esophageal sphincter (UES) and into the esophagus, thus decreasing the chance of it becoming stuck in the pharynx and spilling into the larynx. This passage is crucial to avoiding aspiration as well. The muscles and nerves involved in mastication and swallowing heavily rely on signals from the brain to function and work together. These signals direct the effort of the muscles of chewing to generate a bolus suitable for swallowing (Snell, 1995) . As the swallowing advances through the phases, the nerve signals then trigger the involuntary events such as the closing of the epiglottis and opening of the UES. A disruption in these steps can have serious medical implications, leading to dysphagia, aspiration, and possibly death.
According to The Mayo Clinic researchers (2011), "it takes about 50 pairs of muscles and nerves to accomplish the simple act of swallowing, and a number of conditions can interfere with this process". Oropharyngeal dysphagia is caused by certain problems related to the nerves and muscles of the mouth and throat, making it difficult to move food from oral cavity into the pharynx and esophagus. Causes of oropharyngeal dysphagia include neurological disorders and damage, pharyngeal diverticula, and cancer. If signs or symptoms are present, the patient will be assessed more thoroughly using a modified barium swallow, using videoendoscopy, or by using other imaging techniques. Once the diagnosis is identified, treatment and therapy will then be administered. The prevalence of these conditions varies on the age, gender, and the health of the patient suffering from the condition. However, the presence of neurological damage, such as stroke, is likely the cause of oral or pharyngeal dysphagia independent of these factors.
According to the National Stroke Association (2000), strokes are the leading cause of dysphagia. Ischemic or hemorrhagic stroke results in a lack of blood flow and a buildup of blood that puts too much pressure on the brain, causing damage. Because swallowing is such a complicated and involved process of the central nervous system, a stroke causing brain injury can heavily impact this process.
The cause of dysphagia and aspiration in stroke survivors is mainly related to the changes in physiology. In normal swallowing, vertical and anterior displacement of the hyoid bone occurs as the bolus passes into the pharynx (Kim & McCullough, 2007) . Kim and McCullough (2007) suggested that the vertical displacement of the hyoid is more associated with the closure and protection of the larynx, and anterior displacement is more associated with the opening of the UES. The combination of these movements decreases the risk of aspiration because the airway is completely sealed and protected by the epiglottis, while the UES is completely opened. These movements, however, are dependent on signals from the brain in order to move at the correct time and distance.
Reduced maximal hyoid excursion has been suspected as one of the primary physiologic causes of aspiration after stroke (Kim and McCullough, 2009 ). Maximal anterior displacement of the hyoid bone decreases with increasing age, but maximal vertical displacement does not. However, there were no statistically significant differences in maximum vertical and anterior displacement of the hyoid bone between aspirators and non-aspirators. The authors commented on how timing of the hyoid excursion has been associated with the timing of aspiration, particularly before or during the swallow, but that there has been little research done on this.
The lack of research leads me to this thesis of examining the duration, distance, and velocity of hyolaryngeal excursions in two groups of stroke survivors, aspirators and non-aspirators. As mentioned before, aspiration is a sign of physiological complications and can be extremely dangerous because it leads to pneumonia, infection, and death. The analysis of hyoid excursion will help differentiate whether slow or fast hyolaryngeal excursion is associated with aspiration. If duration, distance, or velocity is in fact linked with aspiration, the data will allow clinicians to test patients at risk, thus allowing for preventative measures such as diet restrictions, feeding alternatives, and consistency changes.
Research Objective and Hypothesis
The objective of the study was to examine whether there is a difference in the duration, distance, or velocity of hyoid movement during the swallow in stroke survivors who did or did not aspirate. Up until now, there have been limited studies measuring or exploring the velocity of hyoid excursion in disordered swallowing, particularly post-stroke swallowing. The outcomes of this study will provide the clinical information to find ways to avoid aspiration and related complications.
Experimental Hypothesis: There is a significant difference in duration, distance, and velocity of hyoid movement during the swallow between stroke survivors with aspiration and without aspiration. Stroke survivors with aspiration have longer duration, shorter distance, and slower velocity than those without aspiration.
Methods

Subjects
Videofluoroscopic swallowing examinations (VFSE) of 39 stroke survivors was submitted for the analysis from the previous investigation (McCullough, et al., 2001 ). The subjects were divided into two groups based on the presence of aspiration:
Stroke survivors with aspiration (aspirators) and without aspiration (non-aspirators).
Videofluoroscopic Swallowing Exam (VFSE)
The VFSE data was originally collected using a mobile, C-arm x-ray (OEC Diasonics, model 7600) system. Each subjects' swallows were recorded while they were sitting in an upright position in a stretcher chair. Videos were recorded onto a Panasonic Super VHS PV-S7670 Pro Line Multiplex videocassette recorder. The fluoroscopic tube was placed on the side of the subject to capture an image of the subject that included the lips on one side of the frame to the back of the neck on the other, and the nasopharynx superiorly to just below the UES area inferiorly. The two 5-ml and two 10-ml thin liquid boluses were a 50/50 mixture of E-Z-HD Barium Sulfate Powder for Suspension and the viscosity of the boluses were carefully controlled through constant temperature and periodic rechecks with a Brookfield viscometer.
Experimental Procedures
To obtain the duration, distance, and velocity of hyoid excursion, temporal and biomechanical measurements of swallowing were performed as follows.
Procedures of Temporal Measurement of Hyoid Excursion (Duration)
Each subject swallowed two 5-ml and two 10-ml liquid boluses and a total of 156 swallows were submitted for analysis. For each swallow analyzed, two picture frames were selected of the VFSE: the first showed the hyoid at resting position, and the second showed the hyoid at maximum displacement during the swallow.
Temporal measurements were taken to determine the time that elapsed between the hyoid in its resting position and in its maximum position. Before analyzing, I was trained in temporal measurements. Using Adobe Premier Pro C3, swallows were looked at multiple times as whole swallows and frame-by-frame. The resting position frame was determined as the frame before the hyoid begins moving in any forward or upward motion. The maximum frame was determined as the last frame where the hyoid moved in any forward or upward motion. Adobe Premiere Pro C3 was used to determine each frame which is represented in seconds and that time was recorded into an excel sheet. After determining the time of the resting position frame of the hyoid bone and the time of the maximum position frame of the hyoid bone, the following equation was used to determine the time that elapses between the two positions:
Duration of maximum hyoid excursion=Time of maximum position-time of resting position
Procedures of Biomechanical Measurement of Hyoid Excursion (Distance)
The biomechanical measurements in this study were collected prior to this study in the Swallowing Research Laboratory at Ohio University. The two biomechanical displacements of hyoid excursion in normal swallowing that were focused on in this study were vertical and anterior displacements. The maximal distance of hyolaryngeal excursion was calculated using these two biomechanical measurements. The vertical and anterior displacements were measured as follows.
In order to accurately analyze the hyoid displacements, the VFSE S-VHS tapes were digitized using Adobe Premiere Pro C3 and a Sony DVMC-DA1 Media
Converter. For each swallow analyzed, two picture frames were selected of the VFSE:
the first showed the hyoid at resting position, and the second showed the hyoid at maximum displacement during the swallow. These picture frames were then submitted to the ImageJ 1.32j program. The resting and maximum frames of the hyoid were selected only after multiple observations of the whole swallow in real time and after frame-by-frame inspection. The resting position of the hyoid was marked as the position the hyoid was in the moment just before the bolus is propelled into the pharynx from the oral cavity. The investigators underwent three months of extensive training on biomechanical analysis of swallowing before joining this investigation. Each individual picture frame was then rotated to a true vertical/90° angle. A line between the front-bottom corner of the cervical vertebrae 4 (C4) and the frontbottom corner of C2 was the image that was rotated to a 90° angle. This rotation simplified the forward and upward displacement of the hyoid bone and assured the calculation in relation to the vertebral column. Also, the distance between the frontupper and front-bottom corners of C3 was used as the scale of 15mm for reference of hyoid displacement. This measurement was relative, not absolute.
Two points were marked on each frame. In the resting position frames, points were marked on (1) the front-bottom corner of C4, serving as an anchor point, and (2) any point on the hyoid bone. In the maximum frames, points were marked on (1) the front-bottom corner of C4 again and (2) 
Procedures for Hyoid Velocity during Swallowing
The following formula was generated to calculate the velocity of hyoid excursion:
Hyoid Excursion Velocity = Maximum distance of the hyoid (cm) / Duration of maximum hyoid excursion (sec)
Statistical Analysis
Group difference between aspirators and non-aspirators was analyzed for the duration, distance, and velocity of hyoid excursion during swallowing. The statistical comparisons were performed for each dependent variable using a two-way analysis of variance (ANOVA) for a repeated measure, volume of bolus as a within-subject variable, and group as between-subject variable. Wilkin's Lambda was used to determine the significance (p<0.05).
Results
Reliability
For inter-judge reliability, a second independent judge re-analyzed the swallows of 20% of randomly selected participants. The second judge was a graduate student who had undergone training on temporal measures for another investigation. A significant correlation was observed (r=0.92, p<0.01). For intra-judge reliability, the investigator re-analyzed the same 20% participants a second time. A significant correlation was observed (r=0.83, p<0.01). Both inter-and intra-judge reliabilities were compared using the interclass correlation coefficient (ICC). The significance level was set at p<0.05.
Duration of Maximum Hyoid Excursion
The mean (M) and standard deviation (SD) of duration time for two groups are shown in table 1 and figure 2. Aspirators displayed a mean of 1.08 seconds (SD=0.40) for 5 ml thin liquid bolus, and a mean of 1.05 seconds (SD=0.45) for 10 ml thin liquid bolus, respectively. Non-aspirators displayed a mean of 0.84 seconds (SD=0.39) for 5 ml, and a mean of 0.83 seconds (SD=0.37) for 10 ml, respectively. There is a significant difference in maximum hyoid excursion duration between aspirators and non-aspirators (F (1, 115)=4.39, p=0.04). Aspirators displayed a longer time to reach maximum hyoid excursion compared to non-aspirators. 
Figure 2. Mean and confidence interval (CI) of maximum duration of hyoid excursion between aspirators and non-aspirators
Distance of Maximum Hyoid Excursion
The mean (M) and standard deviation (SD) of distance for two groups are shown in table 2 and figure 3. Aspirators displayed a mean of 2.09 centimeters (SD=0.71) for 5 ml, and a mean of 2.02 centimeters (SD=0.69) for 10 ml, respectively.
Non-aspirators displayed a mean of 2.22 centimeters (SD=0.64) for 5 ml, and a mean of 1.82 (SD=0.51) for 10 ml, respectively. Aspirators moved a longer distance of hyoid excursion than non-aspirators for 5 ml, but a shorter distance than non-aspirators for 10 ml. There was no significant difference between the groups in relation to distance. In addition, there was no significant difference between the volumes. 
Velocity of Maximum Hyoid Excursion
The mean (M) and standard deviation (SD) of distance for two groups are shown in table 3 and figure 4. Aspirators displayed a mean of 2.44 centimeters per second (SD=1.30) for 5 ml, and a mean of 1.82 centimeters per second (SD=0.87) for 10 ml, respectively. Non-aspirators displayed a mean of 2.72 centimeters per second (SD=1.38) for 5 ml, and a mean of 2.86 centimeters per second (SD=1.69) for 10 ml,
respectively. There was no significant difference between aspirators and nonaspirators in velocity. For both volumes, aspirators exhibited a slower velocity compared to non-aspirators. The difference between two volumes was also insignificant. 
Figure 4. Mean and confidence interval (CI) of velocity of hyoid excursion between aspirators and non-aspirators Discussion
The specific aim of this study was to examine whether duration, distance, or velocity of hyoid excursion is associated with aspiration during the swallow in poststroke survivors. The study also aimed to examine whether the volume of the bolus (5 ml or 10 ml) had significant effects on duration, distance, or velocity of hyolaryngeal excursion in stroke survivors. Three major variables were taken into consideration:
distance, duration, and velocity of hyoid excursion. Determining the differences of these variables between aspirators and non-aspirators would help clinicians identify risk of aspiration and help with the assembly of rehabilitation plans and compensatory techniques for disordered swallows. It is important for future studies to investigate different bolus consistencies and volumes to help refine the risk factors for aspiration.
The major finding of this study was that aspirators had a significantly longer duration time during hyoid excursion when compared to non-aspirators. Statistically, distance and overall velocity was not significant. The results of this study along with the clinical implications of the effects are discussed below.
Duration of Maximum Hyoid Excursion
According to the results of this study, aspirators displayed a longer time to reach maximum hyoid excursion compared to non-aspirators. For a swallow to be successful in protecting the airway and allowing food to enter the esophagus, the actions of a swallow need to happen at an appropriate time and rate. Aspiration could be caused by increased duration of hyoid excursion because the epiglottis is not sealing the larynx quickly enough. Also, the UES is not opening in time, causing the food to pile up and get caught in the pyriform sinus surrounding the esophagus. Both factors contribute to aspiration because the bolus is penetrating toward the true vocal folds before closure of the larynx is completed, and because remnants of the bolus can enter the larynx after the swallow because the bolus in its entirety did not go down the esophagus. Kendall and Leonard (2011) reported that the time required for the hyoid to reach maximal elevation was prolonged in patients with dysphagia relative to the younger control group. These findings are consistent with the findings of my research.
A likely explanation for longer hyoid duration in aspirators is because they attempted to compensate for a delayed initiation of pharyngeal swallowing in order to increase laryngeal closure. However, they failed to protect their airway. Karnell and Rogus (2005) noted that delayed initiation of pharyngeal swallow has been described as one of the most common causes of aspiration. Kim, McCullough and Asp (2005) reported stroke survivors with aspiration showed delayed pharyngeal swallow for more than one second compared to non-aspirating stroke survivors and normal subjects. For aspirators, long after the head of the bolus enters the pharynx, the pharyngeal swallow has been triggered. Similarly, Kendall and Leonard (2011) also reported that the onset of hyoid elevation relative to the onset of bolus pharyngeal transit was delayed in patients with dysphagia compared to the younger control subjects. Delays and prolonged duration in pharyngeal swallows may have a significant effect on certain individuals due to impaired sensitivity and coordination of their mechanisms (Karnell & Rogus, 2005) . Stroke may have an effect on these mechanisms, meaning a prolonged hyolaryngeal excursion in stroke survivors can cause significant swallowing symptoms, such as aspiration.
Normal, safe, and aspiration-free swallowing requires the coordination of many neuromuscular structures within the head and neck, combined with functioning anatomy and physiology. As mentioned before, a stroke causing damage in the brain heavily affects its ability to direct nerve signals and muscles to operate correctly, causing dysphagia. Certain muscles connecting to the hyoid bone assist in its elevation, furthermore opening and widening the esophagus during swallowing. These muscles are the geniohyoid, mylohyoid, stylohyoid, and posterior and anterior bellies of the digastric muscle (Dodds, 1989) . The geniohyoid muscle is responsible for pulling the hyoid bone upward and forward, dilating the respiratory airways. The anterior fibers of the mylohyoid muscle form the floor of the mouth while the posterior fibers attach to the body of the hyoid bone, thus drawing it upward and forward when contracting (Corbin-Lewis et al., 2004) . The thyrohyoid is a deep muscle that attaches to the greater horn of the hyoid bone. Contraction of these muscles pulls the hyoid and larynx upward. The anterior and posterior bellies of the digastric muscle are attached to the mandible and mastoid process, respectively, and raise the hyoid when simultaneously contracting. Because all of these muscles play a role in the upward elevation of the hyoid, they also play a role in protection against aspiration seeing as the upward movement of the hyoid is responsible for that aspect.
Damage to these muscles caused by stroke, or disruption of signals telling these muscles when to contract has a major effect on presence of penetration and aspiration. 
Distance of Maximum Hyoid Excursion
The results of this study revealed the distance of hyoid excursion between aspirators and non-aspirators was not significant. This finding is consistent with other hyoid excursion measurements of swallowing conducted by Kim and McCullough (2009) . They reported that there was no significant difference between aspirators and non-aspirators for both vertical and anterior displacement. Maximal anterior displacement of the hyoid bone was slightly longer in non-aspirators than in aspirators, but not significantly so. Similarly, a study conducted by Steele et al (2011) on the relationship between hyoid and laryngeal displacement and swallowing impairment discovered there was no significant difference in anatomically-scaled displacement between those swallows exhibiting penetration-aspiration and no penetration-aspiration. Both studies supported the evidence that distance of hyolaryngeal excursion does not have an independently active role in the facilitation of aspiration.
Anterior displacement of both the hyoid and larynx is crucial for airway protection and bolus clearance in swallowing (Kim and McCullough, 2007) . However, not all swallows displaying reduced displacement showed signs of penetration or aspiration. This observation indicates that presence of aspiration does not correlate with reduced distance, and is supported by the findings of this study. However, this does not mean that aspiration is not affected by distance of hyoid excursion, and future studies should focus on this variable in relation to aspiration in stroke survivors.
Velocity of Maximum Hyoid Excursion
There was no significant difference between aspirators and non-aspirators for velocity. For both volumes, aspirators exhibited a slower velocity compared to nonaspirators. However, the reduced velocity was not noteworthy. Although research on hyoid velocity in stroke survivors is limited, these findings can relate to previous studies involving normal swallows. A recent study conducted by Ragland, Park, and Kim (2014) revealed that age has a significant effect on the velocity of hyolaryngeal excursion. This finding could be consistent with the results of this research, seeing as most subjects who suffered stroke were above age 50. Results concluded that velocity did not have an active role in the facilitation of aspiration, but signs of slower velocity in aspirators, although insignificant, could suggest that slower velocity in combination with stroke and older age could lead to the possibility of aspiration. This realization would provide clinicians with risk factors to check and exclude. Future studies should investigate the incidence of aspiration related to age and hyoid velocity.
Bolus Volumes on Hyoid Excursion
In relation to bolus volumes, aspirators exhibited a slower velocity for 10 ml compared to 5 ml boluses. Ueda et al. (2013) reported hyoid velocity increases with increasing bolus volume. They examined the effect of bolus volume on hyoid velocity in normal subjects and results showed that maximum hyoid velocities are affected by bolus volumes. This suggests that the muscles that implement hyoid movement must contract faster as the bolus volume increases (Ueda et. al. 2013) . My findings showing that velocity was slower in the larger bolus volume over 10 ml could reveal a link between slower contractions and aspiration. Future studies should investigate these variables in older subjects who show signs of aspiration. In addition, Dodds et al. (1988) reported that an increase in the size of the bolus up to a volume of 10 ml was associated with a significant increase in the magnitude of superior and anterior movement in normal subjects. This study showed that aspirators moved a longer distance than non-aspirators for 5 ml, but a shorter distance than non-aspirators for 10 ml. Because the results of these studies contradict each other, it is possible that a shorter distance in larger bolus volumes could contribute to aspiration. Although difference between aspirators and non-aspirators was not significant, more studies should investigate larger bolus volumes and their effect on aspiration.
Clinical Implications
The function of hyoid excursion during swallowing is for airway protection and passage of the bolus into the esophagus. Both functions are extremely vital for respiration and proper nutrition. The movement of the hyoid includes two motions, upward then forward. This movement is facilitated by suprahyoidal muscles, or muscles above the hyoid. The upward motion of the hyolaryngeal excursion is responsible for airway protection, while the forward motion is responsible for opening the UES (Dodds, 1989) . The muscles that aid in laryngeal closure protect the respiratory airways and assist in prevention of aspiration. In addition to these muscles acting as protective factors, the larynx itself has three tiers of protection when penetration occurs. These tiers include inversion of the epiglottis over the opening of the larynx, and closure of the false and true vocal folds. There is no fixed sequence in which these events occur, but all three protective layers are crucial to avoiding passage of the bolus into the respiratory airways.
The results of this study provide clinicians with a basis of what to look for in stroke survivors at risk for aspiration. Although significant differences were not found between aspirators and non-aspirators for hyoid excursion distance and velocity, it is not correct to rule out those variables altogether. The important finding of increased duration in aspirators proves that proper timing of hyoid excursion is crucial to the safe passage of the bolus. It also provides clinicians with the opportunity to create or employ preventative measures to ensure stroke survivors do not aspirate. According to van der Kruis et al. (2011) , possible rehabilitation techniques for dysphagia include the supraglottic swallow, the super-supraglottic swallow, the effortful swallow, and the Mendelsohn maneuver. The first two mentioned would be especially useful in stroke survivors at risk of aspiration, seeing as both involve closing the airways. The supraglottic swallow involves closing the airway at the true vocal folds before and during the swallow, thus preventing aspiration during the swallow. The supersupraglottic swallow is similar in that it follows the same steps but more effort is asked of the patient. This extra effort tilts the arytenoids further forward and pulls in the false vocal folds, completely closing the entrance to the airway. Effortful swallows and Mendelsohn maneuver target directly to improve hyoid excursion for patients with reduced or prolonged excursion. Clinicians are able to implement these exercises to improve muscle strength and safety of swallowing in patients with dysphagia.
Other preventative measures include modifying bolus types. Leonard et al.
(2014) reported a lower aspiration rate for gum-thickened boluses compared to thin liquid boluses. Their study compared the effects of three different consistencies in patients with dysphagia. The consistencies were thin liquid barium and thickened liquid barium with a gum-based agent. Results showed significantly less aspiration on gum-thickened than thin liquid, thus demonstrating the potential of a gum-based thickener to enhance swallowing safety in patients with dysphagia. It is important to investigate the effects of bolus consistency on hyoid excursion in stroke survivors.
Limitations and future study
The current study consisted of only 39 subjects, which is a very small number.
It is important for future studies to incorporate a higher number of subjects when collecting data in an attempt to replicate the results of the current study. Also, only one bolus consistency was used in 5 ml and 10 ml measurements for this study.
Although two bolus volumes were considered in this study, different bolus consistencies should be investigated in future studies. The swallows in this study were previously recorded and some clips could not be used due to poor quality. This limited the number of subjects included in the study. Future researchers are encouraged to record the swallows of their subjects to ensure quality, accuracy, and consistency.
